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(54) MAGNETO-RESISTANCE EFFECT DEVICE AND MAGNETIC MEMORY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable magneto- 
resistance effect device which has a large MR ratio even if 
reduced in size, and has a small switching magnetic field and has a 
superior thermal stability. 

SOLUTION: The magneto-resistance effect device comprises a 
storage layer formed of a monolayer ferromagnetic layer, a 
magnetic film having at least one ferromagnetic layer, and a tunnel 
barrier layer positioned between the storage layer and the 
magnetic film. The ferromagnetic layer of the storage layer is 
formed of a Ni-Fe-Go ternary alloy, and has a composition 
selected from either an inside composition region in a Ni-Fe-Co 
ternary state diagram enclosed by a Co90(at.)Fe10(at.)-Fe30(at.) 
Ni70(at.) straight line, a Fe80(at.)Ni20(at.)-Fe30(at.) Ni70(at.) 
straight line, and a Fe80(at)Ni20(at.)-Co65(at.)Ni35(at.) straight 
line, or an inside composition region in the Ni-Fe-Co ternary, state 
diagram enclosed by a Fe80(at.)Ni20(at.)-Co65(at.)Ni35(at) straight 
line, a Co90(at.)Fe10(at.)-Fe70(at.)Ni30(at.) straight line, and a 
Co90(at.)Fe10(at.)-Fe30(at.)Ni70(at) straight line. The maximum 
surface roughness in an interface between the storage layer and 
the tunnel barrier layer and on an interface between the magnetic film and the tunnel barrier layer is 0.4 
nm or above. 
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[0006] In addition, a ferromagnetic single tunnel 

junction has been proposed, which includes a structure 
in which one ferromagnetic layer is made to be a 
magnetization fixed layer, on which the magnetization 
direction is fixed, by providing an ant if erromagnet ic 
layer so as to contact with the said one ferromagnetic 
layer constituting this ferromagnetic single tunnel 
junction so that the exchange coupling force makes 
magnetization reversal of the said one ferromagnetic 
layer less likely to occur (refer to Japanese Laid-Open 
Patent Publication No. HlO-4227) . 

[0007] In addition, a ferromagnetic tunnel 

junction via magnetic particles dispersed in a 
dielectric and a ferromagnetic double tunnel junction 
(continuous film) have been proposed (Phys. Rev. B56 
(10), R5747 (1997), Journal of the Magnetics Society 
of Japan 23, 4-2, (1999), Appl . Phys. Lett. 73 (19), 
2829 (1998), Jpn . J. Appl. Phys. 39, L.1035 (2001)). 
[0008] They are also likely to be applied to an MRAM 

(Magnetic Random Access Memory) because a 
magnetoresistance change rate of 20 to 50% can be 
achieved and, even if the voltage value which is applied 
to a ferromagnetic tunnel junction element so as to 
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achieve a desired output voltage value is increased, 
reduction of the magnetoresistance change rate is 
inhibited . 
[0015] 

[PROBLEMS TO BE RESOLVED BY THE INVENTION] However , 
a tiny sized TMR device with a large capacity causes 
problems such as heat fluctuation, which may result in 
loss of spin information, and an increase in switching 
field along with reduction in the size of the TMR device . 
[0019] Based upon recognition of such problems , the 

present invention intends to provide a 
magnetoresistance effect device that, despite the 
reduced size, has a high MR ratio, a small switching 
field, an excellent thermal stability, and reliability 
and a magnetic memory using the same. 
[0029] The magnetoresistance effect device 

according to the first embodiment of the present 
invention is a TMR device of the ferromagnetic double 
tunnel junction shown in FIG. 1 (a). Note that the 
ferromagnetic single tunnel junction shown in FIG. 1 
(b) may also be used. The ferromagnetic single tunnel 
junction has a structure in which an antif erromagnet ic 
layer 4, a magnetization fixed layer 6 (also referred 
to as a pinned layer), a tunnel barrier layer 8, a 
magnetization free layer 10 (also referred to as a 
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storage layer) , and a cover/hard mask layer 18 are 
provided in sequence on an underlying metal layer 2 . 
On the other hand, the ferromagnetic double tunnel 
junction has a structure in which the ant if erromagnetic 
layer 4, the magnetic fixed layer 6, the tunnel barrier 
layer 8, the storage layer 10, a tunnel barrier layer 
12, a magnetization fixed layer 14, an 
antif erromagnetic layer 16, and the cover/hard mask 
layer 18 are provided in sequence on the underlying 
metal layer 2. In the present embodiment, the storage 
layer 10 is configured with a single ferromagnetic 
layer. 

[0037] In the TMR device of the present embodiment, 

it is preferable to adopt a structure in which at least 
a ferromagnetic layer adjacent to the tunnel barrier 
layer of the magnetization fixed layer includes a 
three-layer structure configured with a ferromagnetic 
layer, an amorphous magnetic layer, for instance and 
a ferromagnetic layer, a structure in which the magnetic 
fixed layer is configured with a ferromagnetic layer, 
an amorphous magnetic layer, a ferromagnetic layer, a 
non-magnetic layer, and a ferromagnetic layer as shown 
in FIG. 2(b) or a ferromagnetic layer, an amorphous 
magnetic layer, a ferromagnetic layer, a non-magnetic 
layer, an amorphous magnetic layer, and a ferromagnetic 
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layer as shown in FIG. 2 (c) . The amorphous magnetic 
layer is preferably an amorphous ferromagnetic layer. 
This structure is used so that diffusion of Mn can be 
inhibited even if Pt-Mn, Ir-Mn, Ni-Mn, or the like is 
used for the antif erromagnetic layers 4 and 16 and 
long-term stability can be maintained, thereby 
providing the reliable TMR device. 

[0038] The amorphous magnetic layer can be produced 

with ease by mixing Co, Fe, Ni, or an alloy of them with 
Zr, Nb, Bi, Ta, W, or the like by a few percent to several 
dozen percent. It is preferable to use Ru (ruthenium) , 
Ir (iridium) Os (osmium) , or an alloy of them as a 
non-magnetic layer used for a magnetization fixed layer 
of a three-layer or multi-layer laminated structure. 
In addition, it is preferable to provide the 
antif erromagnetic layer adjacent to the magnetization 
fixed layer of the three-layer or multi-layer laminated 
structure. Also as the antif erromagnetic layer in this 
case, Fe-Mn, Pt-Mn, Pt-Cr-Mn, Ni-Mn, Ir-Mn, NiO, Fe203, 
or the like can be used similar to that described earlier. 
However, it is more preferable to constitute the 
antif erromagnetic layer with any of PtxMui-x/ NiyMni-y, 
and IrzMni-2, and to give 49 . 5at% < x, y < 50 . 5at%, 2 2at% 
< z < 27at%, which result in the crystal growth of the 
magnetic fixed layer in accordance with the crystal 
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growth of the ant if erromagnetic layer, the presence of 
a portion in which the peak to peak value becomes equal 
to or greater than 0.4 nm when the roughness of the 
magnetization fixed layer, the tunnel barrier layer, 
or the storage layer is observed with a transparent 
electron microscope, improved thermal stability of the 
spin of the storage layer with orange-peel coupling, 
and the absence of concern over loss of bit information 
because of an effective magnetic field with the 
orange-peel coupling even if the crystal grain is 
refined and the cell size is reduced. 

[0039] The TMR device of the present embodiment is 

a ferromagnetic double tunnel junction type of 0.15 x 
0.2iam2 in size. The storage layer is configured with 
a single ferromagnetic layer and the ferromagnetic 
layer is a Co-Fe-Ni ternary alloy. The storage layer 
is 2 nm in film thickness. The magnetic fixed layer has 
a three-layer laminated structure in which a 
non-magnetic layer composed of Ru is sandwiched by the 
ferromagnetic layers, and a Co-Fe alloy, in part icular , 
CosoFeso is used as the ferromagnetic layer so as to 
achieve a high MR ratio. The antif erromagnetic layer 
is an IrMn alloy of 11 nm in film thickness. AlOx is 
used for the tunnel barrier layer. In addition, the 
underlying metal layer has a four-layer structure of 
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Ta/Cu/Ta/Ru. As a result, the structure of the TMR 
device of the present embodiment is Ta/Cu/Ta/Ru/IrMn 
(llnm) /CoFe/Ru/CoFe/AlOx/CoFeNi/AlOx/CoFe/Ru/CoFe/I 
rMn (10 nm) /Ru/top wiring. 

[0042] Note that the use of Co-Fe for the magnetic 

fixed layer is preferable because it results in an MR 
ratio of equal to or higher than 40%. Although in the 
present embodiment, CosoFeso is used as the magnetic 
fixed layer, the MR property trend is not significantly 
affected even using those of COioFego to COgoFeio- 
[0046] In addition, it is preferable that the 

storage layer of the TMR device of the present 
embodiment includes a composition selected from within 
the composition range bounded by the straight line of 
Coso {at%) Feio (at%) " ^^20 <at%) Nivo (at%) / the Straight line 
of Fe7o {at%) Niso (at%) - Fe3o (at%) Ni7o (at%) / and the straight 
line of Fees (at%) Niss (at%) - COes {at%) Nias (at%) in the 
Co-Fe-Ni composition range shown in FIG. 5, i.e., a 
Ni-Fe-Co ternary phase diagram because it achieves the 
MR ratio of equal to or higher than 40% and the switching 
field of equal to or less than 30Oe and, in samples of 
the present embodiment and variation in which roughness 
of equal to or greater than 0 . 4 nm occurs, demonstrates 
the similar reliability. 

[0048] On the other hand, when the TMR device is 
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used as a magnetoresistance effect device, a variety 
of insulators (dielectrics) can be used such as AI2O3 
(aluminium oxide) , Si02 (silicon oxide) , MgO (magnesium 
oxide), AlN (aluminium nitride ) , Bi203 (bismuth oxide) , 
MgF2 (magnesium fluoride) , CaFa (calcium fluoride) , 
SrTiOa (strontium titanium oxide) , AlLaOa (lanthanum 
aluminum. oxide) , Al-N-0 (aluminium nitride oxide) , and 
GaO (gallium oxide) as an insulation layer (or 
dielectric layer) provided between the magnetic fixed 
layer and a magnetic recording layer. 

[0049] These compounds do not have to be 

stoichiometrically perfectly accurate in composition, 
and there may be an absence, a deficiency, or an excess 
in oxygen, nitrogen, fluorine, and the like. In addition, 
it is preferable that the insulation layer (dielectric 
layer) is thin to an extent such that tunneling current 
flows, i.e., equal to or less than 10 nm in practice. 
[0098] 

[ADVANTAGEOUS EFFECT OF THE INVENTION] As 
described above, the magnetoresistance effect device 
that, despite the reduced size, has a high MR ratio, 
an excellent thermal stability, and a small switching 
field and the magnetic memory using the 
magnetoresistance effect device can be achieved 
according to the present invention. 
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[EXPLANATION OF REFERENCE NUMERALS] 

2 underlying metal layer 

4 antif erromagnetic layer 

6 magnetization fixed layer 

8 tunnel barrier layer 

10 storage layer 

12 tunnel barrier layer 

14 magnetization fixed layer 

16 antif erromagnetic layer 

18 cover layer / hard mask 

DRAWINGS 
[FIG. 1] 

EQUAL TO OR GREATER THAN 0.4 nm 
[FIG. 2] 
a 

FERROMAGNETIC LAYER 
NON- MAGNETIC LAYER 
FERROMAGNETIC LAYER 
b 

FERROMAGNETIC LAYER 

BARRIER METAL (EX. AMORPHOUS MAGNETIC LAYER) 
FERROMAGNETIC LAYER 
NON-MAGNETIC LAYER 
FERROMAGNETIC LAYER 
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c 

FERROMAGNETIC LAYER 

BARRIER METAL (EX. AMORPHOUS MAGNETIC LAYER) 
FERROMAGNETIC LAYER 
NON- MAGNETIC LAYER 
FERROMAGNETIC LAYER . 

BARRIER METAL (EX. AMORPHOUS MAGNETIC LAYER) 
FERROMAGNETIC LAYER 

THICKEN FERROMAGNETIC LAYER NEAR TUNNEL BARRIER LAYER 
OR INSERT BARRIER METAL 

[FIG. 7] 

MR CHANGE RATE (%) 
ANNEALING TIME (SEC) 
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